Introduction
Logger (U14-001 LCD Temperature/RH Data Logger, Onset Computer Corporation, Bourne, MA, USA).
Experimental design and pasteurisation of substrates
The layout of the experiment was a completely randomised design with six treatments consisting of a factorial combination of three types of substrates and two levels of drainage, with each treatment replicated four times. The three types of substrates were wheat straw (control), wood chips and thatch grass (Figure 1 ). Single bales of wheat straw (10 kg), wood chips (20 kg) and thatch grass (15 kg) were boiled separately in 225 L drums. Substrates were pasteurised using the method outlined by Kang (2004) . Drained substrates were boiled and excess water allowed to leach out before inoculation with spawn, whereas undrained substrates were inoculated with spawn immediately after boiling. Culture bags were 45 µm polyethylene bags filled with a mixture of substrate and spawn (1 kg) to a total weight of 7 kg. Wheat straw substrate was sourced from Marble Hall (Limpopo, South Africa), wood chips were sourced from DENSA, a wood company (Lydenburg/Sabie Road, Mpumalanga), whereas thatch grass was collected from the veld (Mbombela, Mpumalanga).
Data collection
Culture bags were evaluated for both colonisation and contamination. Evaluation for colonisation began shortly after inoculation until full colonisation, whereas contamination by mostly Trichoderma species was evaluated on a weekly basis using a rating-scale method of between 0 and 100% as outlined by Tesio (2003) . After full colonisation, culture bags were cross cut from top to bottom to facilitate growth of mushroom flushes.
Mature oyster mushrooms were harvested three weeks after planting. These were pulled manually from the culture bags and kept in brown paper bags to avoid moisture loss, and taken to the laboratory for post-harvest analysis. Growth parameters recorded included cumulative number of harvests, number of flushes, number of caps and fresh mass. Isaac and Johnson (1992) . The nutrient concentrations were measured with an atomic absorption flame spectrophotometer (Varian Spectra AA 250 Plus, Mulgrave, Australia).
Post-harvest analysis

Analysis of chemical composition of oyster mushrooms
Both caps and stalks (100 g each) were chemically analysed for ash, carbohydrates, dry matter, moisture, fat and protein content. Organic matter was analysed using the method outlined by Harris (1970) . Carbohydrates, moisture content, crude protein, ash and fat were analysed using appropriate SANAS-accredited methods outlined by Greenfield and Southgate (2003) . Dry matter content was determined using the method outlined by Mertens (2002) . Fats were dissolved in ether and evaporated at 105 °C using the Kjeldahl method outlined by Greenfield and Southgate (2003) .
Cost and economic analysis of substrates
Wheat straw was bought from a farm in Marble Hall at a cost of R25.00 per 10 kg bale. The transport cost was R1 000.00 (480 km return trip) using a 1 ton truck with a trailer. In addition, the wheat straw was stored for three months to leach out compounds responsible for inhibiting mushroom growth. As wood chips were collected for free from a milling company close to the experimental site, costs were considered negligible. No costs were also associated with the thatch grass, as it was collected from the veld close to the experimental site and used immediately. In South Africa, button mushrooms are sold for R25 kg −1 , whereas oyster mushrooms are sold for R40 kg −1 in local retail markets.
Statistical analysis
Statistical analysis and interpretations were based on comparison of treatment means, as well as comparison between cumulative number of harvests, number of flushes, number of caps and fresh mass. The collected data were , 1999-2001) .
Results and discussion
Rate of colonisation
Mean daily temperature in the growth room varied between 19 and 27 °C during full colonisation with mycelia and fruiting, whilst RH was between 80% and 98% (Figures 2  and 3 ). These temperatures appear ideal because Shah et al. (2004) reported an optimal temperature of 25 °C for full mycelia colonisation and fruiting. There were highly significant differences (P < 0.05) in the percentage colonisation of wheat straw compared with either wood chips or thatch grass from days 1 to 8 (Figure 2) .
On day 1, wheat straw showed 65% colonisation compared with 50% and 45% colonisation for wood chips and thatch grass, respectively. Thereafter, wood chips and thatch grass showed lower rates of colonisation compared with that of wheat straw from days 1 to 8. This may be due to low temperatures and RH in the growth room. In addition, it took 8 days to attain full colonisation of wheat straw with mycelia, whereas full colonisation of wood chips and thatch grass was attained on days 9 to 10 ( Figure 2 ). The present results were not inconsistent with the findings of Tan (1981) , Shah et al. (2004) , Mondal et al. (2010) and Khan et al. (2012) , who reported that spawn took 2-3 weeks (14-21 days) to achieve full colonisation. Moreover, Khan (2009) reported that Pleurotus ostreatus took 24-25 days for completion of spawn running on wheat straw substrate. This may be due to the environmental conditions and the ability of available minerals in wheat straw to support oyster mushroom growth. From days 9 to 11, no significance difference in percentage colonisation was observed between the growing media. This indicated that wheat straw, wood chips and thatch grass had attained full colonisation by this time, although significant differences were observed at early stages of colonisation. Wheat straw was ideal for increasing the colonisation percentage of oyster mushrooms compared with wood chips and thatch grass. Grown mushrooms should be able to colonise an area quickly before other parasitic fungi can cover a designated area (van Nieuwenhuijzen 2007). The variation observed may be due to environmental differences, hygiene and the viability of oyster mushroom spawn.
Comparison between substrate drainage and rate of colonisation
The extent of drainage did not significantly affect rate of colonisation from days 1 to 4 (Figure 4 ). Undrained wheat straw did not differ significantly to drained wheat straw in terms of rate of colonisation from days 7 to 9. Furthermore, undrained wheat straw attained 100% colonisation from days 9 to 11, whereas drained wheat straw did not attain full colonisation (Figure 4) . Mane et al. (2007) reported a range of 12-14 days for full spawn running in various Pleurotus species on lignocellulosic substrates, although the present results concur with the spawn running periods reported above for Pleurotus species.
Undrained thatch grass showed an increased rate of colonisation compared with drained thatch grass from days 6 to 9. Undrained thatch grass attained 100% colonisation at days 9 to 11, indicating that the polyethylene bags were fully colonised in two weeks (Figure 4 ). There was no significant difference (P < 0.05) in percentage colonisation between drained and undrained wood chips from days 0 to 11. Mycelial growth is a preliminary step that creates suitable internal conditions for fruiting and also is a vital factor in mushroom cultivation because at the end of the day, farmers are willing for better yield (Pokhrel et al. 2009 ).
Amount of contamination
Percentage contamination exhibited no significance differences (P < 0.05) amongst the treatments during week 1 (Table 1) . Wood chips did not differ significantly from wheat straw in relation to amount of contamination in week 2. However, wood chips showed higher percentage contamination (16%) compared with thatch grass (8%) in week 2, whereas wheat straw (0%) showed no contamination. Van Niewenhuijzen (2007) stated that a fast rate of colonisation by mushrooms within the growing area can suppress the development of other fungi or bacteria. Wood chips were more susceptible to contamination compared with thatch grass, whereas wheat straw did not show any contamination during the experiment (Table 1) .
In week 3 wood chips showed significantly increased percentage contamination (28%) compared with thatch grass (10%). This may be due to variation in moisture loss within the different substrates, thereby influencing development of other fungi or bacteria. On-farm hygiene can also contribute to contamination of both substrate and mushrooms (van Niewenhuijzen 2007) . In week 4, wood chips significantly differed from wheat straw in amount of contamination. Moreover, wood chips showed the highest percentage contamination (37%) compared with thatch grass (13%) and wheat straw (0%) ( Table 1 ). This indicated that wheat straw significantly suppressed contamination throughout the production period. Clearly, both wood chips and thatch grass were not effective in suppressing contamination. Sofi et al. (2014) indicated that nutrientpoor substrates exhibited low mycelial densities, making them prone to contamination especially by green mould. According to Kumari and Achal (2008) , contamination can be caused by improper pasteurisation of straw and the availability of contaminants in a substrate.
Mineral composition of substrates
Thatch grass had higher N content (1.136%) than both wheat straw (0.560%) and wood chips (0.080%) ( Table 2) . Rajarathnam et al. (1988) indicated that N plays an important role in building biomass of Pleurotus ostreatus. Thatch grass had significantly higher available N compared with both wheat straw and wood chips. This finding is also supported by Yildiz et al. (2002) , who reported that the natural substrates (i.e. woods) on which Pleurotus species grow are very poor in N content, nevertheless fruit bodies are produced. Upadhyay et al. (2002) reported that Pleurotus species have the capability to fix atmospheric N.
Thatch grass had a significantly higher P content (0.161%) compared with both wheat straw (0.054%) and wood chips (0.001%). In contrast, wheat straw contained a higher amount of K (0.907%) compared with both thatch grass (0.537%) and wood chips (0.037%).
In terms of Ca levels, thatch grass, wheat straw and wood chips varied significantly (0.490%, 0.340% and 0.067%, respectively). Chiu et al. (1998) reported that agricultural wastes can be used to supply Ca for oyster mushroom growth and yield. In addition, application of poultry manure can be used to supplement and compensate for the lack of Ca, Cu, Mn and Fe in a nutrient-deficient Table 2 ). In general, wood chips had the lowest mineral (e.g. N, P, K, Ca, Mg and Fe) quantities, far below critical threshold levels required for oyster mushroom production, compared with the other substrates. The lower mineral content of wood chips was reflected in the production of fewer cumulative numbers of flushes and caps and lower fresh mass of oyster mushrooms.
Nutritional composition of oyster mushrooms
There were no significant differences (P < 0.05) between treatments (wheat straw, wood chips and thatch grass) in terms of the chemical composition (i.e. ash, fat, protein and carbohydrates) of oyster mushrooms (Table 3) . Other studies have reported protein contents ranging from 22.89% to 25.97%, which were far higher than the current results, when rice straw was used as a substrate. The fat and carbohydrates content ranged from 1.03% to 1.50% and 30.24% to 42.26%, respectively. These results indicate that carbohydrate and protein contents are dependent on the substrate used (Wang et al. 2001) . However, in the present study, all mineral nutrients were available in harvested oyster mushrooms in lower percentages, regardless of the different substrates (Table 3) .
The substrates in the present experiment had moisture contents ranging from 89.94% to 90.84%. This finding was similar to that of Dunkwal and Jood (2009) , who reported that oyster mushrooms grown on wheat straw and brassica straw contained moisture contents of 89.68% and 88.98% on a fresh weight basis. Oyster mushrooms are soft in nature due to the high moisture content at a young stage but tend to lose moisture with maturity (Prakash et al. 2011) . Mushroom fungi are regarded as a good source of protein, with high vitamins and lower calories, and free from cholesterol (Selvi et al. 2007 ). Generally, no growing medium was superior to the other substrates in relation to chemical composition.
Harvesting periods
Oyster mushroom harvesting started at ±66 days after planting. At first harvest, thatch grass produced a higher number of flushes compared with both wheat straw and wood chips ( Figure 5 ). Thatch grass had a higher cumulative number of flushes, although each harvest differed in number of flushes and caps and fresh mass produced during the entire production. However, wheat straw had a similar number of flushes compared with thatch grass. Wheat straw produced a similar number of caps from the first harvest to the sixth harvest. Surprisingly, wood chips had three harvests only compared with both wheat straw and thatch grass ( Figure 5 ). This study was not inconsistent with the findings of Sharma et al. (2013) 
straw, rice straw + wheat straw, rice straw + paper, sugarcane bagasse and sawdust). In general, both thatch grass and wheat straw produced high numbers of flushes and caps and high fresh mass, which increased yield. This finding was not inconsistent with that of Sofi et al. (2014) , who reported that wood chips in combination with wheat straw had the highest yield compared with single usage of wheat straw and waste paper substrates.
Yield of oyster mushrooms
Cumulative number of flushes produced was significantly different (P < 0.05) among all treatments (wheat straw, thatch grass and wood chips). Wheat straw (45) had the highest cumulative number of flushes produced followed by thatch grass (44) and wood chips (12) (Figure 6 ). Kumari and Achal (2008) cultivated Pleurotus ostreatus on different substrates and reported that the highest yield was achieved on wheat straw, followed by the combination of paddy straw and wheat straw. These authors' findings were similar in that the highest yield was on wheat straw, but the other substrates used were different to those of the present study. Cumulative number of caps produced on both wheat straw and thatch grass differed significantly (P < 0.05) compared with wood chips. Both wheat straw (395) and thatch grass (392) had higher cumulative number of caps compared with wood chips (91.50) (Figure 6 ).
Both wheat straw and thatch grass differed significantly from wood chips in terms of cumulative fresh mass of oyster mushrooms. Wheat straw (4 113 g) and thatch grass (3 944 g) produced the highest cumulative fresh mass of oyster mushrooms compared with that of wood chips (361 g) (Figure 6 ). This indicated that both wheat straw and thatch grass produced greater yields. Thatch grass also showed potential as an alternative to wheat straw when considering the cumulative fresh mass produced.
Conclusions
Wheat straw accelerated the rate of colonisation, which helped to avoid contamination with parasitic fungi (Trichoderma spp.). However, with thatch grass the rate of colonisation recovered at a later stage after contamination had occurred. This indicated that both wheat straw and thatch grass accelerated the rate of colonisation, although at different stages. Both wheat straw and thatch grass suppressed contamination due to quick coverage of mycelia in the culture bag. Wood chips had a high rate of contamination by parasitic fungi (Trichoderma spp.) due to slow mycelial coverage of the culture bags. Although thatch grass had minimal contamination at an advanced stage of mycelia coverage, it is still advisable to be used as an alternative substrate only if wheat straw is not available. Thatch grass is recommended because it contains three important nutrients (N, P and Mg) required by oyster mushrooms, whereas wheat straw contains only N and Mg in high quantities. Both wheat straw and thatch grass produced high cumulative numbers of flushes and caps and high fresh mass of oyster mushrooms. In general, thatch grass is shown to be useful as an alternative substrate to wheat straw because it produces a higher yield of oyster mushrooms. 
